quasiparticle direct detectors and mixers have raised questions about the imponance of the quantum susceptance. As in the case for the Josephson cos<j> term,5 however, the effect of the quantum susceptance is subtle even at frequencies comparable to the gap frequency. The argument has been made6 that it would be very difficult to distinguish the effect of quantum IJ susceptance from other effects. In this letter, we repon a direct experimental measurement of the quantum susceptance of an SIS junction. This measurement is based on a measurement of the bias dependence of the resonant frequency of a circuit which contains the SIS junction.
This shift of the resonant frequency is due to the change of the quantum susceptance with the de bias voltage across the junction.
At frequencies lic.o/e > .1 V, where~ Vis the voltage range of the nonlinearity near the sum gap, the response of SIS junctions must be treated quantum mechanically .3 In the small signal limit, the induced RF current Iro and the RF voltage V ro are related through an admittance Y(ro) which is a function of frequency due to the non-local current-voltage relation.
The real (dissipative) part of Y(c.o), which we call the quantum conductance GQ(Ol), is given
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Here Idc(V 0 ) is the de quasiparticle I-V characteristic. This characteristic can be conveniently obtained from a measurement such as the one shown in Fig. l(a) . In Eq.
(1), GQ(W) reduces to the classical limit di/dV at low frequencies, and approaches the inverse of the normal resistance 1/Rn at frequencies far above the gap frequency. The response of an SIS junction is like a classical diode at low frequencies, and becomes Ohmic when the photon energy Js much greater than the gap energy. Experimental evidence for this quantum conductance has been well established and it has been utilized in SIS quasiparticle direct detection. 7 The quantum susceptance BQ(C.O), which is the imaginary part of Y(w), should be related to GQ(C.O) through a Kramers-Kronig transform. as is required for any causal. linear 
An example of IKK is shown in Fig. 1 (b) . The result (3) was derived previousJy9 from COo would be independent of bias voltage. Since BQ changes rapidly with de bias voltage V 0 as shown in Fig. 1 (d) , however, we expect that Wo will change as V 0 is changed.
Each part of this experiment was designed to minimize the effect of standing wave resonances which could diston the measurement, especially at bias voltages above V g-fiWo/e where the resonant Q is low. An FfS was used as a signal source, rather than a coherent microwave oscillator because the poor spatial coherence helps to average over standing waves.
A very broadband antenna design was used. The stub design was chosen to minimize the frequency dependence of the stub susceptance. The use of the internal detection mechanism in the SIS junction avoids the possibility of standing waves that can arise in the coupling to an external detector.
The apparatus used in this experiment is essentially the same as was used in our quasioptical SIS mixer experiments.ll The output of the step-and-integrate FTS is connected to the cyrostat through a 11-mm diameter light pipe. Inside the cryostat, the signal beam is Since the antenna-coupled SIS direct detector sees only a single elecrromag~etic mode, the spectral intensity of the output of the FfS is the frequency independent Rayleigh-Jeans spectrum multiplied by the frequency dependent beamsplitter efficiency.l2 After normalizing these spectra over the beamsplitter efficiency, we obtain the resonant frequencies by leastmean-square fitting the top half of the resonance peaks to 2nd to 4th order polynomials. The degree of the polynomials required in the fitting is determined by the asymmetry of the peak.
The estimates of possible errors in the measured resonant frequencies are chosen as the frequency ranges over which the fitted polynomials have more than 90% of their peak values .
The result is plotted in Fig. 4 A quantitative comparison of the measured bias dependent frequency shift of our circuit with theory requires a precise evaluation of all circuit parameters. The log-periodic antenna 13 used in this experiment has a real and frequency-independent admittance, 14 YA = ((1+£)/2)112J189 Q-1. For quartz substrates,£= 3.85, soYA= 8.3x1Q-3 Q-1. The SIS junction is a Nb/Al203/Nb sandwich made using the tri-layer process.15 Its I-V curve in Fig. l(a) shows a low leakage current and a sharp gap structure even at the estimated temperature of 4.5 K. The jun~tion area is estimated to be 2.5x2.5 j.J.m2, which gives a geometric capacitance of 
Where Y1 = GQ + i(BQ +roC+ Bstub) is the total admittance of the SIS junction and the stub.
The current responsivity Sr(ro) of the SIS direct detector is given by3 (7) where Pro= Iro V ro/2 is the coupled RF power. Because the reactive quasi panicle response function lKK does not appear in Eq. (7) the quantum susceptance does not affect this responsivity. Since Sr(ro) is a smooth function of frequency, except at e(V g -V 0 )/fi, the frequency which corresponds to the maximum ~Ide is mainly determined by the resonance condition of the circuit, Im(YJ) = BQ +roC+ Bstub = 0.
In order to make an accurate comparison between theory and experiment, we calculated theoretical estimates of the detector output and analyzed them by the same procedures used for the experimental data First, we computed the induced de current as a function of RF frequency using Eq. (6). Second, we convolved these computed specrra with the Fourier transform of the apodization function which was used for the experimental interferograms. features of the data. For example, the shoulder on the high frequency side of (c) arises from the frequency dependence in Eq. (7). Third, we fitted the same number of computed data points at the same discrete frequencies with the same order of polynomials as we did from the experimental data. The theoretically calculated curve of the resonant frequency as a function of V 0 is shown in Fig. 4(a) as the solid line. It is in excellent agreement with the experimental result As a comparison, the dashed line, which is essentially flat and obviously differs from the experimental results, is the voltage dependence of the peak frequency of the resonance without the quantum susceptance Bo. The weak voltage dependence of the dashed line is due to the change of the current responsivity S1(ro) in Eq. (7) with the bias voltage V 0 . Clearly, the experimental results provide decisive evidence for the quantum susceptance.
We would like to emphasize that the values of two key parameters, the junction The measured resonant frequency of 77 GHz coincides with the dashed line in Fig. 4(a) , which is the theoretical prediction for Bo = 0. This essentially perfect agreement verifies the values of C and v which were used in our theoretical calculations.
As a further check on the circuit parameters used in our theoretical simulation. we have independently deduced values of C = 0.275 pF and v = 0.272 c by fitting pumped I-V curves using the method published previously.9 The small differences between these two estimates correspond to an overall venical shift of the solid theoretical line in Fig. 4(a) by about 3
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We also investigated the possibility that Josephson response has an effect on the shift of the resonant frequency by applying a magnetic field to change the Josephson critical current.
We did not see any change of the resonant frequency within our experimental accuracy up to a field corresponding to several magnetic flux quanta in the junction. This is not surprising since in our bias voltage range (2.15 -2.65 mY), the Josephson current oscillates at frequencies above 1 TIIz, which are effectively shunted by the capacitance.
In Fig. 4(b) , we plot the 3 • Experiment -Theory 
